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THE  RAPID  PREDICTION  OF  AIRCRAFT  STORE  LOADING 
DISTRIBUTIONS  AT  TRANSONIC  SPEEDS 


by 

A.  J.  Crisalli,  S.  S.  Stahara, 
and  M.  J.  Hemsch 


1.  INTRODUCTION 


The  purpose  of  this  report  is  to  describe  in  detail  the  progress  made 
in  the  development  of  a  rapid  technique  for  the  prediction  of  loading 
distributions  on  external  aircraft  stores  at  transonic  speeds.  In  a 
previous  report  (ref.  1),  the  progress  made  on  the  development  of  an 
engineering  predictive  method  for  determining  three-dimensional  tran¬ 
sonic  flow  fields  about  wing-body/pylon  combinations  was  determined,  and 
represented  the  first  step  in  the  determination  of  store  trajectories 
released  from  aircraft  operating  at  transonic  speeds.  The  second  step  is 
the  development  of  a  suitable  method  for  the  calculation  of  store  loading 
distributions  in  those  flow  fields.  The  third  step  is  the  actual 
determination  of  the  trajectories  of  the  stores  by  integrating  the 
six-degree-of-freedom  equations  of  motion  subject  to  the  computed 
aerodynamic  loads. 

The  purpose  of  this  report  is  to  review  the  work  on  the  second  step 
of  the  transonic  store  problem  as  performed  under  AFOSR  Contract  No. 
F44620-75-C-0047 .  Both  the  experimental  and  theoretical  predictive  tech¬ 
niques  will  be  analyzed  and  evaluated  by  comparing  them  with  the  experi¬ 
mental  data  for  stores  in  both  attached  or  separated  positions  relative 
to  a  simplified  parent  aircraft  configuration  representative  of  modern 
fighter-bombers.  Suggestions  for  improvements  of  the  current  methodology 
will  then  be  presented. 


2.  EXPERIMENTAL  WORK 

The  experimental  data  used  in  the  evaluation  of  the  transonic  store 
loading  predictive  techniques  discussed  in  this  report  were  taken  from 
the  AEDC  4T  wind-tunnel  test  described  in  detail  in  volume  I  of  the  three 


volume  data  report  provided  in  references  2-4.  These  tests  included 
both  flow-field  and  store  loading-distribution  data.  Data  from  a 
previous  wind-tunnel  test  (ref.  5),  which  did  not  involve  stores,  was 
used  to  evaluate  the  flow-field  predfctive  methods  (ref.  1).  Here  we 
provide  a  brief  description  of  the  wind-tunnel  tests  described  in 
references  2-4  with  emphasis  on  the  store  loading-distribution  data. 

Figure  1  shows  the  body-fixed  coordinate  system  which  is  used  both 
throughout  this  report  and  the  wind-tunnel  test  report.  Figure  2  shows 
planform  and  cross-sectional  views,  including  key  geometrical  locations, 
of  the  wing-body/pylon/store  model  which  was  used  throughout  the  wind- 
tunnel  tests  and  in  the  evaluation  of  the  predictive  techniques  dis¬ 
cussed  in  this  report.  Figure  3  shows  a  photograph  of  the  wing-body 
model  in  combination  with  a  wing-mounted  pylon  and  an  instrumented  pres¬ 
sure  store  which  is  sting-mounted  on  the  Captive  Trajectory  System  (CTS) 
in  the  AEDC  4T  tunnel.  Loading  distributions  on  the  store  were  calcu¬ 
lated  by  integrating  the  experimentally-measured  surface  pressures. 

Note  that  there  are  no  fins  on  the  model  stores. 

In  the  wind-tunnel  test  described  in  references  2-4  the  wing-body  in 
combination  with  various  pylon  and  store  arrangements  was  tested  at  four 
free-stream  Mach  numbers,  M*,  -  0.925,  0.950,  1.050  and  1.10  and  three 
angles  of  attack  a  »  o°,  2°,  and  5°.  The  experimental  procedure  involved 
attaching  pylon  and  store  models  to  the  wing-body  combination  in  two 
separate  systematic  model-buildup  test  series.  At  each  stage  of  the 
first  series,  flow  velocities  and  static  pressures  were  taken  for  the 
wing-body/pylon  configuration  in  those  regions  normally  occupied  by  an 
attached  or  initially-separated  store.  Additionally,  force/moment/surface 
pressure  measurements  were  taken  on  the  wing-body  model.  To  provide 
outer  flow-field  Information,  flow  velocities  and  static  pressure 
measurements  were  taken  on  a  cylindrical  control  surface  as  far  removed 
from  the  tunnel  centerline  as  possible. 

The  second  model-buildup  test  series  involved  a  special  pressure- 
instrumented  store  that  was  mounted  on  the  Captive  Trajectory  System  and 
positioned  in  normal  store-attached  locations  and  also  at  various 
distances  away  from  the  pylon  in  order  to  simulate  a  separated  store.  At 
each  stage  of  this  sequence,  detailed  pressure  distributions  on  the 


instrumented  store  were  obtained  from  a  single  row  of  pressure  taps  by 
rolling  the  store  through  360°  at  10°  roll-angle  increments.  Figure  4 
shows  detailed  views  of  the  instrumented  pressure  store  and  the  dummy 
store  together  with  their  dimensions  and  other  geometric  details, 
including  the  locations  of  the  19  pressure  orifices  of  the  instrumented 
store. 

Figure  5  shows  a  cross-sectional  view  of  the  various  wing-body/pylon/ 
store  configurations  for  which  store  surface-pressure  data  were  obtained 
at  various  Mach  numbers  and  angles  of  attack.  The  first  configuration 
[fig.  5(a)]  consists  of  the  store  alone.  The  second  configuration  [fig. 
5(b)]  as  used  for  the  *  1.10  tests  consists  of  the  instrumented  store 
located  in  the  normal  "store-attached"  position  and  three  store-detached 
positions  under  the  fuselage  pylon.  The  third  configuration  [fig.  5(c)] 
consists  of  the  instrumented  store  located  in  the  normal  "store-attached" 
position  and  three  store-detached  positions  under  the  wing  pylon.  A  side 
view  of  the  four  positions  of  the  instrumented  pressure  store  for  the 
wing-pylon/store  configuration  used  for  M^  •  1.10  is  shown  in  figure  6. 

In  order  to  study  the  increasing  lateral  influence  on  the  store  of  shock 
waves  emanating  from  the  wing  leading  edge  of  the  wing-body  at  higher 
supersonic  free-stream  Mach  numbers,  the  vertical  locations  below  the 
fuselage  and  wing  pylons  of  the  pressure  store  at  M#  *  0.925,  0.950,  and 
1.050  were  selected  to  differ  from  those  for  M  *  1.10  in  that  the 

OO 

interval  of  separation  between  the  first  three  positions  Is  one  store 
radius  for  the  first  three  Mach  numbers  and  one  store  diameter  for  M  * 

QO 

1.10.  Note  that  the  instrumented  store  in  position  1  ("store-attached") 
was  actually  at  a  small  distance  (less  than  0.10  inch)  from  the  pylon  in 
order  to  insure  no  contact  with  the  pylons  as  the  store  was  rolled. 

In  the  following  section  the  theoretical  method  will  be  briefly 
reviewed  and  then  evaluated  by  comparing  the  experimental  values  of  the 
normal-  and  side-force  distributions  with  the  theoretical  predictions.  A 
more  detailed  discussion  of  the  wind-tunnel  tests  including  flow-field 
data,  data  uncertainties  and  wind-tunnel  wall  effects  can  be  found  in  the 
flow-field  report,  reference  1,  and  the  data  reports,  references  2-5. 
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3.  COMPUTATION  OF  STORE-LOADING  DISTRIBUTIONS  BASED  ON 
NONUNIFORM  CROSSFLOW  THEORY  AND  THREE-DIMENSIONAL 
LINEAR  PANELING-METHOD  SOLUTIONS 

3.1  Introduction 

The  three-dimensional  linear  method  for  calculating  store-loading 
distributions  initially  developed  in  references  6  and  7  is  based  on 
employing  linear  paneling  method  solutions  for  the  flow  field  due  to  the 
parent.  The  lateral  force  distributions  on  a  store  which  is  separated 
from  the  parent  (i.e.,  the  wing-body/pylon  combination)  are  determined  by 
first  calculating  the  flow  field  in  the  vicinity  of  the  parent  aircraft 
at  the  store  position  but  with  the  store  absent.  The  force  distribution 
on  the  store  is  then  determined  by  slender-body  theory  for  Ha  <  1  or 
source-doublet  theory  for  Mm  >  1  by  utilizing  the  nonuniform  crossflow 
velocity  components  at  the  locus  of  points  corresponding  to  the  position 
that  the  longitudinal  axis  of  the  store  would  occupy  in  the  flow.  Thus, 
the  ability  to  predict  with  suficient  accuracy  the  flow  field  without 
store  in  the  vicinity  of  the  wing-body/pylon  combination  is  the  essential 
first  step  in  the  computation  of  store  loadings  and  trajectories. 

In  reference  1  it  was  found  from  exensive  comparisons  with  tunnel 
data  that  three-dimensional  linear-theory  paneling  methods  yielded  satis¬ 
factory  predictions  of  upwash  and  sidewash  in  the  vicinity  of  wing-body/ 
pylon  combinations  at  angles  of  attack  up  to  5°  (higher  angles  of  attack 
were  not  tested)  and  free-stream  Mach  numbers,  M^  =  0.925,  0.950,  and 
1.050.  It  was  also  determined  that  these  predictions  became  less  satis¬ 
factory  as  M^  -*>  1.0.  Nevertheless,  even  at  Mro  =  0.950  and  1.050  the  up¬ 
wash  and  sidewash  prediction  displayed  reasonable  agreement  with  the 
experimental  data. 

The  effectiveness,  as  shown  in  reference  1,  of  paneling  methods  in 
providing  reasonable  upwash  and  sidewash  predictions  over  a  range  of 
transonic  free-stream  Mach  numbers,  angles  of  attack,  and  wing-body/pylon 
combinations  implies  that  such  linear  methods  should  be  investigated  as 
the  basis  of  an  economical  procedure  for  the  prediction  of  loadings  of 
stores  placed  in  these  flow  fields.  The  methodology  previously  developed 
for  the  subsonic  free-stream  situation  and  used  in  this  study  is 


4 


described  in  reference  5.  That  method  employs  nonuniform  slender-body 
theory  to  determine  store  lateral  loads.  The  analogous  procedure  pre¬ 
viously  developed  for  the  supersonic  free-stream  case  and  also  used  in 
this  report  is  described  in  reference  7.  That  method  employs  more 
accurate  but  computationally  more  expensive  line-sources  and  line-doublets 
placed  on  the  body  axis  to  compute  store  lateral  loads. 

3.2  Comparison  of  Predicted  Store  Loadings  with  Data, 

M,,,  =  0-925 

Figures  7  to  14  display  comparisons  of  the  experimental  data  with 
the  subsonic  theoretical  prediction  method.  Those  predictions  are  based 
on  nonuniform  crossflow  slender-body  theory  used  together  with  subsonic 
panel ing-method  solutions  for  the  flow  field  due  to  the  parent  alone. 
Results  are  given  for  the  normal-  and  side-force  distributions  along  the 
pressure  store,  previously  illustrated  in  figure  4,  for  free-stream  Mach 
number  *  0.925  and  angles  of  attack  ct  =  0°  and  5°.  Both  the  fuselage- 
store  and  wing-store  configurations  are  included  in  the  comparisons. 

The  comparisons  are  indexed  with  corresponding  page  and  figure  numbers 
in  Table  I. 

Figures  7  to  10  display  the  normal-  and  side-force  comparisons  for 
the  fuselage-store  configurations,  for  which  the  two  store  positions  used 
in  the  comparisons  are  illustrated  in  the  sketch  below. 


Figures  11  to  14  display  the  corresponding  normal-  and  side-force 
comparisons  for  the  wing-store  configuration;  the  two  store  positions 
used  in  those  comparisons  are  shown  in  the  sketch  below. 
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y, 


('V-ty.z)  =  (3. 5, -1.30) 
=  (3. 5, -1.95) 


In  the  above  sketches,  the  two  positions  of  the  instrumented  store 
are  indicated  by  the  dotted  circles.  The  solid  circle  denotes  a  “dummy" 
store  for  which  no  calculations  were  performed.  The  first  store  location 
corresponds  to  a  store-attached  position.  The  second  location  corre¬ 
sponds  to  a  store  position  directly  under  the  attached  position  but 
removed  vertically  from  it  a  distance  of  one  store  diameter.  The  (y,x) 
locations  of  the  store  axial  centerlines  are  also  indicated  in  the 
diagram.  The  x  location  of  the  store  nosetip  is  the  same  for  both  verti¬ 
cal  positions,  i.e.,  x  =  11.218  inches  for  the  fuselage  store  and  x  « 
11.967  inches  for  the  wing  store. 

A  scan  of  the  loading  comparisons  shown  in  figures  7  to  14  indicates 
that  the  theoretical  predictions  display  quite  reasonable  agreement  with 
the  data.  At  this  lowest  subsonic  Mach  number  tested,  the  least  satis¬ 
factory  agreement  occurs  in  the  region  of  the  shoulder  of  the  store  and 
along  the  aft  portion  of  he  store  in  the  vicinity  of  the  pylon  trailing 
edges.  In  these  regions  there  are  strong  variations  in  the  data  which 
are  not  properly  accounted  for  by  the  linear  prediction.  Further  dis- 
cusion  of  this  point  is  presented  in  sections  3.3  and  3.4. 

3.3  Comparison  of  Predicted  Store  Loadings  with  Data,  Mb  =  0.950 

Figures  15  to  22  display  similar  comparisons  of  the  experimental  data 
with  the  theoretical  predictions  of  the  normal-  and  side-force  distribu¬ 
tions  along  the  store  for  free-stream  Mach  number  Ma  *  0.950  and  angles 
of  attack  a  *  0°  and  5°.  As  in  the  previous  section,  both  the  fuselage- 
store  and  wing-store  configurations  are  included  in  the  predictions.  The 
comparisons  are  indexed  with  corresponding  page  and  figure  numbers  in 
Table  I. 
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A  scan  of  those  comparisons  (figs.  15-22)  yields  the  same  conclusions 
that  were  drawn  for  the  =  0.925  case.  Linear  theory  shows  generally 
reasonable  agreement  with  experiment  with  the  least  satisfactory  agree¬ 
ment  occurring  in  the  loading  distributions  in  the  region  of  the  store 
shoulder  and  also  on  the  aft  portion  of  the  store  near  the  pylon  trailing 
edges. 


3.4  Discussion  of  Theoretical  Comparisons  for  =  0.925  and 

M  =  0.950 

CD 

The  comparison  presented  in  figures  7-22  are  remarkably  similar  to 
those  previously  obtained  in  the  initial  application  of  the  loading 
method  for  purely  subsonic  flows  (see,  for  example,  fig.  15  of  ref.  8). 

We  note  that  the  overall  forces  are  small  compared  to  the  peak  local 
forces. 

The  major  discrepancies  shown  in  figures  7-22  between  theory  and  data 
occur  near  the  shoulder  of  the  store  (x  =  13.5  in.  for  the  wing  location 
and  x  *  12.7  in.  for  the  fuselage  location)  and  near  the  trailing  edge  of 
the  pylon  (x  *  16.8  in.  for  the  wing  pylon  and  x  =  16.4  in.  for  the  fuse¬ 
lage  pylon) .  It  is  interesting  to  note  that  these  locations  correspond  to 
rapid  changes  in  the  first  derivative  of  the  axial  distributions  of  the 
upwash  and  sidewash  (see  figs.  49-63  of  ref.  1).  This  behavior  is  illus¬ 
trated  in  figure  23  for  two  of  the  configurations  tested,  both  at  the 
same  (y,z)  location  but  with  different  axial  locations  of  the  nose  tip. 

Since  slender-body  theory  predicts  linear  dependence  of  loading  on 

both  the  rate  of  change  with  axial  distance  of  the  store  radius  and 

local  upwash  dw/dx,  only  the  data  for  the  cylindrical  portion  of  the 
cld 

store  (where  ^  *  0)  are  shown  for  clarity.  Note  that  the  data  for  the 
two  positions  agree  very  well  from  x  =  15.8  in.  to  the  store  base, 
indicating  that  the  flow  field  without  the  store  present  is  dominating 
the  store  loading.  To  check  the  ability  of  slender-body  theory  to 
predict  the  store  loading  given  an  accurate  flow-field  prediction,  the 
w-versus-x  curve  shown  in  figure  23(a)  was  numerically  differentiated. 

The  values  of  dw/dx  obtained,  multiplied  by  a  constant,  are  shown  in 
figure  23(b).  The  constant  was  chosen  to  give  the  same  peak  loading. 

The  agreement  is  good  except  for  the  region  just  aft  of  the  shoulder  of 
the  second-position  store  and  downstream  of  the  peak  positive  loading. 
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Apparently  the  steep  gradients  in  upwash  are  too  difficult  for 
slender-body  theory  to  handle,  and  it  appears  that  the  more  general 
source-doublet  method  is  required  to  account  accurately  for  this  effect. 
Finally,  we  note  that  although  the  paneling  method  solutions  used  to 
simulate  the  flow  field  for  the  comparisons  provide  only  purely 
subsonic  solutions  while  the  data  indicate  that  limited  regions  of 
supersonic  flow  and  shocks  are  present  near  the  store,  it  is  not  yet 
clear  to  what  extent  it  is  necessary  to  account  for  these  flow  features 
to  obtain  accurate  store  loads.  It  is  clear,  however,  that  loading 
predictions  based  on  slender-body  theory  cannot  treat  sharp  gradients  due 
to  either  sudden  store  surface  geometry  changes  or  rapid  changes  in  the 
parent-generated  flow  field.  The  latter  could  be  caused  either  by  shocks 
or  by  the  presence  of  abrupt  geometry  changes,  such  as  associated  with 
pylon  tips. 

3.5  Comparison  of  Predicted  Store  Loadings  with  Data,  =  1.050 

Theoretical  predictions  of  the  normal-  and  side-force  distributions 
found  by  using  nonuniform  crossflow  line-source  and  line-doublet  theory 
coupled  with  supersonic  paneling  method  solutions  for  the  flow  field  due 
to  the  parent  alone  were  compared  with  dsta  at  M  =  1.050  for  the  same 

oo 

wing-body/pylon/store  configurations  and  angles  of  attack  as  for  the 
=  0.925  and  M^  =  0.950  situations.  In  all  of  these  cases,  the  theo¬ 
retical  loading  predictions  exhibit  a  highly  oscillatory  behavior.*  This 
is  illustrated  in  figures  24  to  27  which  provide  comparisons  of  the 
theoretical  results  with  data  for  store-attached  (figs.  24,25)  and  store- 
separated  (figs.  26,27)  positions  at  o  =  0°  and  5°.  These  comparisons 
are  indexed  in  Table  I.  The  fuselage-store  comparisons  for  this  Mach 
number  are  not  presented  since  the  results  are  similar  to  those  for  the 
wing  store. 

The  oscillatory  behavior  of  the  predictions  at  =  1.050  is  clearly 
unsatisfactory.  The  causes  of  this  behavior  together  with  means  of 
improving  the  predictions  for  supersonic  free-stream  Mach  numbers  near  1 
are  discussed  in  the  next  section. 


Similar  oscillations  were  observed  for  the  previous  supersonic  store 
work  (ref.  7). 
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1.050 


3.6  Discussion  of  Theoretical  Comparisons  for  = 

The  theoretical  normal-  and  side-force  distributions  shown  in  figures 
24  to  27  depend  directly  upon  the  corresponding  theoretical  flow-field  up- 
wash  and  sidewash  predictions  for  the  parent  with  store  absent.  The 
extent  to  which  the  oscillatory  behavior  of  the  loading  predictions  is 
due  to  the  flow-field  behavior  is  important  to  ascertain.  Figure  28  dis¬ 
plays  comparisons  of  the  theoretical  predictions  and  data  for  the  upwash 
and  sidewash  angles  for  a  typical  case,  i.e.,  wing-store  attached  posi¬ 
tion,  a  =  0°.  Also  shown  in  that  figure  is  a  smooth  curve  faired  through 
the  experimental  data  which  will  be  discussed  shortly.  We  observe  that 
the  flow-field  data  display  a  smoother  behavior  than  the  flow-field  panel¬ 
ing  method  predictions.  It  is  of  interest,  therefore,  to  determine 
loading  predictions  on  the  basis  of  experimental  flow-field  data  as 
opposed  to  paneling  method  flow  fields  which  were  used  to  predict  the 
results  shown  in  figs.  24  to  27.  The  loading  distributions  which  result 
from  employing  experimental  upwash  r.nd  sidewash  distributions  are  shown 
in  figures  29  to  32.  By  comparing  the  distributions  in  figures  29  to  32, 
in  sequence,  with  those  of  figures  24  to  27,  we  note  that  a  significant 
improvement  is  apparent.  In  particular,  the  highly  oscillatory  behavior 
displayed  in  figures  24  to  27  has  been  dampened. 

Although  a  notable  improvement  is  obtained  by  the  use  of  the 
smoother  experimental  flow-field  data  in  computing  store  loadings,  the 
predictions  shown  in  figures  29  to  32  are  still  not  completely  satis¬ 
factory.  In  an  attempt  to  improve  this  situation  further,  a  smoothed 
curve  as  mentioned  above  was  faired  through  the  flow-field  upwash  data  of 
figure  28(a).  The  faired  curve,  which  is  even  smoother  than  the  data,  was 
then  used  as  the  basis  for  computing  the  normal-force  distribution.  Al¬ 
though  the  resulting  normal-force  distribution  shown  in  figure  33  is 
smoother  than  the  corresponding  distribution  in  figure  29(a),  the  agree¬ 
ment  with  data  is  actually  less  satisfactory. 

The  above  investigation  illustrates  that  the  oscillatory  behavior  of 
the  store-loading  predictions  is  closely  coupled  to  any  oscillatory  be¬ 
havior  of  the  flow-field.  However,  the  store-loading  predictions  are 
quite  sensitive  to  any  smoothing  of  the  input  flow-field,  and  a  rational 
means  of  accomplishing  this  is  necessary.  Further  development  is  required 
in  this  area. 
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4.  SUMMARY  AND  CONCLUSIONS 


The  main  conclusion  to  emerge  from  this  report  is  that,  for  free- 
stream  Mach  numbers  M^  =  0.925  and  0.950  and  angles  of  attack  a  •  0°  and 
5°,  the  use  of  subsonic  three-dimensional  linear  paneling  method  flow- 
field  solutions  together  with  nonuniform-crossflow  slender-body  theory  on 
the  external  store  yields  economical  and  reasonable  predictions  of  the 
normal-  and  side-force  distributions  on  stores  without  fins  for  a  variety 
of  wing-body/pylon/store  combinations  considered.  The  least  satisfactory 
agreement  occurs  in  the  same  regions  in  which  rapid  changes  in  upwash  and 
sidewash  are  present  in  the  flow  field  without  the  store  present.  Never¬ 
theless,  in  view  of  the  economy  and  rapidity  of  the  linear  flow-field 
methods,  the  results  are  considered  quite  reasonable  even  at  the  higher 
subsonic  Mach  number  considered,  M„  =  0.950. 

r  OO 

In  the  case  M^  =  1.050,  the  linear  theory  predictions  of  the  normal- 
and  side-force  distributions,  based  on  supersonic  three-dimensional 
linear  panel ing-method  flow-field  solutions  together  with  nonuniform- 
crossflow  supersonic  source-doublet  theory  on  the  external  store,  exhibit 
a  highly  oscillatory  behavior.  It  appears  that  the  oscillations  in  the 
loading  predictions  can  be  significantly  reduced  if  the  corresponding 
flow-field  predictions  upon  which  the  loading  predictions  are  based  are 
smoothed  in  some  rational  fashion.  Since  the  choice  of  the  smoothing  has 
a  crucial  effect  on  the  loading  predictions,  and  because  it  is  difficult 
to  perform  rationally  such  solution  smoothings  a  posteriori,  a  more  satis¬ 
factory  basis  would  be  the  development  and  use  of  a  three-dimensional 
supersonic  paneling  method  which  eliminates  the  resonance  effect  leading 
to  these  flow-field  oscillations. 

At  this  point,  it  is  useful  to  compare  some  of  the  data  for  the  range 
of  Mach  numbers  tested  to  determine  the  importance  of  transonic  effects. 
Figure  34  shows  the  upwash  for  M^  =  0.925,  0.950,  and  1.050  for  a  typical 
wing-body/pylon  configuration  with  no  store  present  for  a  =  0°  and  5°. 
Note  that  the  Mach  number . ef feet  is  small  except  in  the  region  near  the 
pylon  trailing  edge  (x  =  16.8  in.)  and  is  stronger  for  a  =  0°  than  for  5° 
as  would  be  expected  due  to  the  slowing  of  the  flow  under  the  lifting 
wing . 


The  loading  distributions  when  a  store  is  inserted  into  the  flow  in 
such  a  manner  that  its  longitudinal  axis  corresponds  to  the  survey  loca¬ 
tions  of  figure  34  are  displayed  in  figure  35.  Note  that  the  transonic 
effects  are  quite  strong  in  the  region  of  the  pylon  trailing  edge  as 
would  be  expected  from  inspection  of  figure  34.  We  make  the  further 
observation  with  reference  to  the  data  displayed  in  figures  34a  and  35a, 
that  although  the  measured  gradients  in  the  local  flow-field  upwash  near 
the  pylon  leading  (x  =  13.5  in.)  and  trailing  (x  =  16.8  in.)  edges  are 
greatest  for  the  M^  =  1.050  case,  the  measured  normal-force  gradient  is 
largest  for  the  M^  =  0.950  flow.  For  the  loading  distribution  theories 
employed  here  and  in  the  previous  store  work  (refs.  6-8),  i.e.,  the  non- 
uniform  slender-body  crossflow  theory  for  <  1  and  nonuniform  crossflow 
source-doublet  theory  for  Mo  >  1,  this  effect  would  not  be  predicted. 

It  is  probable  that  the  cause  of  this  observed  phenomena  is  due  to  local 
transonic  effects  appearing  on  the  relatively  large  store  employed  -  which 
would  be  greatest  at  a  strong  supercritical  oncoming  Mach  number,  but 
would  disappear  at  lower  or  higher  Mach  numbers.  That  this  is  almost  cer¬ 
tainly  the  cause  is  apparent  from  the  measured  results  displayed  in 
figures  34b  and  35b.  They  show  that  this  phenomena  disappears  when  the 
angle  of  attack  is  changed  from  a  =  0°  to  5°.  This  change  acts  to  slow 
the  flow  substantially  on  the  pressure  side  of  the  wing  and  significantly 
reduce  the  local  transonic  effects  on  the  store. 

Finally,  we  note  that  figures  34  and  35  indicate  that  a  rapid  non¬ 
linear  store-loading  calculation  is  required  which  is  capable  of  treating 
mixed  subsonic-supersonic  flows  and  steep  gradients  of  the  flow 
variables.  It  should  be  noted  that  predictions  of  the  location  of  steep 
gradients  is  especially  important  if  lifting  surfaces  such  as  store  tail 
fins  are  located  in  the  vicinity  of  those  gradients. 

In  summary,  the  results  presented  in  this  report  and  in  reference  1 
indicate  that  the  following  work  is  needed: 

1.  Improvement  of  the  linear  supersonic  paneling  method  to  provide 
accurate  store-loading  distributions  without  oscillations. 

2.  Development  of  a  method  for  computing  store-loading  distributions 
in  the  presence  of  mixed  subsonic-supersonic  flows  and  steep 
gradients  of  the  flow-field  variables. 
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3.  Development  of  an  engineering  method  for  improving  the  linear 
paneling  method  prediction  of  the  location  of  the  wing-pylon- 
trailing  edge  shock. 


In  order  to  extend 
further  analytical  and 
of  store  boattails  and 


the  methods  to  treat  realistic  store  geometries, 
theoretical  work  is  needed  to  handle  the  effects 
f  ins . 
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Figure  2.-  Wing-body  with  pylons  and  stores,  including  measured  body-fixed  coordinates 


(b)  Cross- sectional  view  (viewed  iron  front  of  eodel) 
including  <y,z)  coordinates. 


Figure  3.-  Wing-body  in  combination  with  wing  pylon  and 
instrumented  pressure  store  in  store  separated  position 
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(a)  Store-alone  configuration. 
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(b)  Configurations  with  store  near  fuselage  pylon. 


Legend : 


(c)  Configurations  with  store  near  wing  pylon. 


Figure  5.-  Illustration  of  wing-body/pylon/store  configurations 

viewed  from  rear  of  model.  Positions  shown  correspond  to  the 

M  ■  1. 10  tests. 
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Figure  7.-  Comparison  of  measured  and  theoretical  loading 
distributions  for  store  attached  to  fuselage  pylon; 

VL,  =  0.925,  a  =■  0°,  (y „,z„)  -  (0,  -2.297  in.). 
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Figure  7.-  Concluded. 
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Figure  8.-  Comparison  of  measured  and  theoretical  loading 
distributions  for  store  attached  to  fuselage  pylon; 

*  0*  925,  a  -  5°,  (y.*>  =  (0,  -2.297  in.). 
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Figure  8. -  Concluded 
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Figure  9.-  Comparison  of  measured  and  theoretical  loading 
distributions  for  store  separated  from  fuselage  pylon; 
M_  -  0.925,  a  -  0°,  (y.zj  -  (0,  -2.947  in.). 
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(a)  Normal-force  distribution. 


Figure  10.-  Comparison  of  measured  and  theoretical  loading 
distributions  for  store  separated  from  fuselage  pylon; 

-  0.925,  a  *  5°,  (y„,z„)  -(0,  -2.947  in.). 
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Figure  10. -  Concluded 
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(a)  Normal-force  distribution. 


Figure  11.-  Comparison  of  measured  and  theoretical  loading 
distributions  for  store  attached  to  wing  pylon; 

*  0.925,  a  -  0°,  (ys,z8)  "  (3.5  in.,  -1.  3  in.) . 
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Figure  11.-  Concluded 
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Figure  12.-  Comparison  of  measured  and  theoretical  loading 
distributions  for  store  attached  to  wing  pylon; 

M  -  0.925,  a  -  5°,  (y.,zJ-(3.5  in.,  -1.3  in.). 
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(a)  Normal-force  distribution. 

Figure  13.-  Comparison  of  measured  and  theoretical  loading 
distributions  for  store  separated  from  wing  pylon; 

M»  *  0.925,  a  -  0°,  (y_,z)  -  (3.5  in.,  -1.95  in.). 
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Figure  13.-  Concluded 
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(a)  Normal-force  distribution. 


Figure  14.-  Comparison  of  measured  and  theoretical  loading 
distributions  for  store  separated  from  wing  pylon’ 

M  -  0.925,  a  =  5°,  (y_,z  )  =  (3.5  in..  -1.95  in.). 


Figure  14.-  Concluded. 


(b)  Side-force  distribution. 


Figure  15.-  Concluded. 
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Figure  16.-  Concluded. 
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Figure  17.-  Comparison  of  measured  and  theoretical  loading 
distributions  for  store  separated  from  fuselage  pylon; 

M—  »  0.950,  a  -  0°,  (y8»*g)  “  (0,  -2.947  in.). 


(a)  Normal-force  distribution. 


Figure  18.-  Comparison  of  measured  and  theoretical  loading 
distributions  for  store  separated  from  fuselage  pylon; 

Mfe  -  0.950,  a  -  5°,  (y  ,zg)  -  (0,  -2.947  in.). 
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(a)  Normal-force  distribution 


Figure  22.-  Comparison  of  measured  and  theoretical  loading 
distributions  for  store  separated  from  wing  pylon; 

M  =0.950,  a  =  5°,  <y„,zj  =  (3.5  in.,  -1.950  in.). 
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Figure  24.-  Comparison  of  measured  and  theoretical  loading 
distributions  for  store  attached  to  wing  pylon; 

Moo*  1.050,  a  »  0°,  {yg,z  )*(3.5  in.,  -1.3  in.). 
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Figure  25.-  Concluded. 
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Figure  27.-  Concluded. 
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Figure  28.-  Comparison  of  measured  and  theoretical  upwash 
and  sidewash  for  survey  near  wing  pylon;  M  ■  1.050, 
a  -  0°,  (y, z)  -  (3.5  in.,  -1.23  in.)? 
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Figure  29.-  Comparison  of  measured  and  theoretical  loading 
distribution  for  store  attached  to  wing  pylon.  Theory 
uses  flow  field  data  as  input  to  load  calculations; 

M  -  1.050,  a  -  0°,  (y  , z  )  -  (3.  5  in. ,  -1. 3  in. ) . 
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Figure  29,-  Concluded. 
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Figure  31.-  Concluded 
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Figure  32.-  Comparison  of  measured  and  theoretical  loading 
distributions  for  store  separated  from  wing  pylon.  Theory 
uses  flow  field  data  as  input  to  load  calculation; 

M  -  1.050,  a  »  5°,  (y  , z  )  -  (3.5  in.,  -1.95  in.). 
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Figure  33.-  Comparison  of  measured  and  theoretical  normal-force 
loading  distribution  for  store  attached  to  wing  pylon.  Theory 
uses  smoothed  approximation  to  data  of  figure  28(a)  as  input 
to  load  calculation.  M*,  *  1.050,  a  *  0°, 

(y  ,z  )  ■  (3.5  in.,  -1.3  in.). 
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Figure  34,-  Concluded. 
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Figure  35.-  Measured  normal-force  distributions  for  store 
3  attached  to  wing  pylon  for  three  Mach  numbers ; 

Mn  -  0.925,  0.950  and  1.050, 
tv  m  in..  -1.3  in.). 
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(b)  a  =  5°. 


Figure  35.-  Concluded 


